Several Louisiana parishes (counties) using the Mississippi River for their source of public drinking water have the highest mortality rates in the United States for several cancers. Therefore, a case-control mortality study on cancer of the liver, brain, pancreas, bladder, kidney, prostate, rectum, colon, esophagus, stomach, non-Hodgkin's lymphoma, multiple myeloma, leukemia, Hodgkin's disease, lung, breast and malignant melanoma, from 1960 to 1975 in South Louisiana parishes grouped for similarities in industrial characteristics, having approximately equal exposure of the population to surface and groundwater, was conducted. Noncancer deaths were randomly selected as controls and matched to the case death on age, race, sex, and year and parish group of death. Water source at death was assigned based on the residence at death and described as surface or ground and chlorinated or nonchlorinated.
Introduction
Because South Louisiana is an area where comparatively large amounts of organic contaminants have been detected in municipal water supplies and because it is also an area with extremely high mortality rates for cancers of several sites and for all sites combined in selected counties (parishes) which have different sources of drinking water, it was a natural location to investigate what relationship, if any, exists between water quality and cancer incidence (1) (2) (3) (4) tween cancer mortality and the use of chlorinated surface water (5) . These results were significant primarily for the urinary tract and gastrointestinal cancers and were race-and sex-dependent, being primarily observed in white males. Bladder cancer in particular showed a strong association with drinking water among white males.
The present study uses the last half of the same data base as used for the aggregate studies and includes 6 later years, but is a case-control mortality study in which the residence and water supply of each decedent was individually linked. The methodology chosen allowed for greater specific control over certain known confounders such as urban or industrial influences, though many lifestyle characteristics were still unknown and therefore uncontrolled. So while this study provides more certainty than the aggregate studies which preceded it, it cannot provide final proof of a drinking water effect on the mortality from any given cancer.
Methods Figure 1 , a map of Louisiana, illustrates the parishes (counties) included in the study and their water source.
As shown in Table 1 An equal number of noncancer deaths of the same race, sex, year of death and age as the case were randomly selected from within the noncancer deaths in the parish group in which the case was a resident. Death certificates for all of the cases and controls were abstracted for information on usual occupation and industry and location of residence. Location of the residence at death was used to identify the water company or water source in use at that residence. Water companies supplied service area maps and also indicated which residences utilized private wells. Length of residence at the residence at death was unknown and attempts to determine it through external sources were not uniformly successful. cExcluding males, in addition to sampling. water source had a chlorination level below the mean (which was 1.09 ppm) and those whose water source had a chlorination level above the mean. The chlorination level used was measured from the finished water as it left the water treatment plant, rather than as it came out of the tap.
Since it was possible to assign the chlorine variable to only about 80% of the study population, a possibly biased lost-to-follow-up must be considered. In addition, the value was highly associated with year of death, so it is likely that the recording or the use of chlorine changed during the study period. The use of the value recorded at the treatment plant does not capture the loss of chlorine concentration as it travels different distances throughout the supply system. The other way of looking at chlorine level in a more qualitative manner, by separating water source into ground nonchlorinated, ground chlorinated and surface chlorinated, has the advantage of using the total study population and possibly reflecting interactions between contaminants of the surface water source and chlorination. This qualitative distinction will be used to examine any findings which suggest a purely chlorine or chlorine in conjunction with a particular source of water.
In order to evaluate the effect of chlorination on the distribution of cases and controls in the light of other variables which might be significant effectmodifiers, a multidimensional contingency table analysis was performed which was based on the log-linear model and utilized maximum likelihood estimations of all main effects and interactions. This is a BMD package program, P3F (6) . By using this method of analysis it is possible to see to what extent all main effects are dependent on higher order interactions. All of the matching variables were used as possible effect modifiers in the analysis, with age dichotomised at the mean for the site, and year of death, dividing the study period in halves. Chlorine was trichotomized into none, low or high and its relationship with disease, or case/control, was examined by sex, race, age, and year of death. By using the methodology recommended by Morton Brown, the basic structure of the data was explored by fitting different explanatory models and determining the model with the closest fit (6). The first model fit was all of the highest order interactions, and from this all interactions were deleted which did not make a significant contribution to the overall fit. By this process a final model was developed composed of various levels of interactions, which as a whole described the data optimally given the variables. The contribution of each of the terms of the model to the overali fit is estimated by a likelihood ratio chi square. Table 4 shows the chlorine is significant among this group, although results for the sites where the qualitative distinc-not among the earlier group. tion of water source type was used rather than the While it is difficult to explain why chlorination chlorine level. This was done because of the small would affect whites more than blacks, the associasample size of many of these sites. Only malignant tion of the risk among those younger than the mean melanoma shows a significant higher order interac-age, which in brain is 46 years, and its appearance tion in which disease and water source is dependent in the later time period is cause for concern. While a on sex and age. dose-response relationship would be added validaBrain cancer showed a highly (p = 0.008) significant tion to this effect, the chlorination level is sufficiently relationship between disease, chlorine level, race, imprecise to understand the lack of such a relationage and year of death. On examining the distribu-ship. When the effect is examined by the qualitation it was discovered that there was a chlorine tive variable of water source type, the risk is found effect but it was seen only among the younger among the ground chlorinated category exclusively Table 6 . The number of parishes involved in this risk is large, though the population of the parishes is small. In a multiple regression procedure with each parish contributing equally, the effect of these parishes is much larger than in a methodology based on individuals and their water source. It is possible that the pattern seen in these parishes may have been overemphasized by the method of analysis chosen previously. It appears With rectal cancer, however, there is a significant main effect between disease and chlorine which is not dependent on any of the other variables in the model. Table 7 shows the distribution of the cases and controls by chlorination level, with the odds ratio of each chlorination category compared with the nonchlorine category. There is a dose-response aOdds ratio between each category and no chlorine. relationship, with the low chlorine showing less of a risk than the high chlorine category. When this same relationship is examined using the qualitative variable of water source type, however, it is clear that the difference is found mostly between surface and ground water, since there are more controls than cases in the ground chlorinated category. Because surface water source and heavy chlorination are so closely related it is difficult to distinguish between their effects. However, one can first control for chlorination and look at residual risk for water source, and similarly control for water source and look at residual risk for chlorination. In the surface water category there is some variability in the level of chlorination, and Table 8 shows the distribution of cases and controls by chlorine level among those on surface water. While there is a slight increased risk in the high chlorine category, this increase is not statistically significant. The surface water effect among those in the low chlorine category is presented in Table 9 and demonstrated that there is still a significant surface water effect after controlling for chlorine level, though it is less than it was when not controlling for chlorination.
Results
Because controlling for water type diminishes the risk for chlorine and controlling for chlorine diminishes the risk for surface water, it is likely that both are necessary for the large increased risk seen for chlorinated surface water. This is, of course, an intuitively attractive hypothesis since the potential for damage from chlorination is so much greater if the water is heavily contaminated with organics before being chlorinated. While it is methodologically impossible to separate heavy chlorination from surface water source in South Louisiana, it is clear that whether it is due to the chlorination per se or to the chlorination added to contamination, the surface chlorinated water of South Louisiana is definitely associated with a significant risk for rectal cancer.
No risk whatsoever was observed with colon cancer, in contrast to rectal cancer, though control selection and data processing for these two sites were done simultaneously. The fact that colon cancer does not associate with drinking water at all though it is known to be highly correlated with lifestyle factors such as diet, supports the assumption that in fact the methodology used for this study was successful in controlling for these other factors. Stomach cancer also showed a five-way interaction between disease, chlorine, sex, race and age. This was found to consist of a risk for high chlorine among older white males, but no such risk was detected in the other cells of the distribution and therefore was judged to be inconsistent. No chlorine effect was observed with lung or with nonHodgkins' lymphoma.
Breast cancer, however, showed a significant main effect between chlorine level and disease. The distribution of cases and controls is presented in Table 10 along with the odds ratio between each Therefore, there appears to be some risk associated with water chlorination, although some definitive and specific studies must be undertaken especially with regard to the importance of co-contaminants and possible industrial confounders. Recently reported similar observations by Kanarek and Young with regard to colo-rectal cancer and chlorinated drinking water are supportive of these observations (8) . Although the risk for colon cancer was not observed in this study, this could be attributed to methodologic differences.
The fact that only rectal cancer demonstrates this association even on such a survey study as this, is likely an indication of risk to other organ sites which a more definitive study is necessary to demonstrate.
